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A Multi-Axis Contour Error Controller for High-Speed/High-Precision
Machining of Free Form Curves

Myung Hoon Lee’, Jung Hee Choi", Young Moon Lee

and Seung Han Yang”

ABSTRACT

The growing need for higher precision and productivity in manufacturing industry has lead to an increased interest

in computer numerical control (CNC) systems. It is well known fact that the cross-coupling controller (CCC) is an

effective method for contouring applications. In this paper, a multi-axis contour error controller (CEC) based on a

contour error vector using parametric curve interpolator is introduced. The contour error vector is a vector from the
actual tool position to the nearest point on the desired path. The contour error vector is the closest error model to the
contour error. The simulation results show that the CEC is more accurate than the conventional CCC for a biaxial motion
system. In addition, the experimental results on 3-axis motion system show that the CEC is simply applied to 3-axis

motions and contouring accuracy is significantly improved.

Key Words : Contour Error (&
Controller (U]-%

1. A8

HZ Asa 2 ARAFE vES A8 EoF
oA AFFAY o] fo] AurslsEE FAo wat
AAFLNE AEe] TAF} YA FALS 9

3 14 2R shgol 27U oo wal A
$2He 12 nAY 2ol AP 2y AU
NBAle Fnelzel g3 WeHE AW o Eof
A7 gk &% AGEE AT AsiAE

ME Fo FFAE Fole Aoyl Rue &%

i B4Y:2003d 68 5; AAEAY: 2004 29 204

. Aot Qo AT
o ARYRE JAFYY
# RAR R, Aot 7] Ay

Email syang@knu.ackr Tel. (053) 950-6569

64

2.2}, Cross-Coupling Controller (:2}% <% A ] 7]), Multi-Axis Contour Error
9.2} A9 7]), Free Form Curve (RH+3141), Curve Interpolator (341 B.3H7])
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Table 1 System parameters used in simulation
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Fig. 5 Contour error by Variable-gain CCC
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Table 2 Contour error for parabolic contour [mm]

Controller Max. Mean RMS
Variable-gain CCC 0.327 0.117 0.113
CEC 0.064 0.016 0.021
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Table 5 Experimental result for 3-axis motion [mm]

Controller Max. | Mean | RMS

P controller without CEC | 1.622 | 0.494 | 0.453

CEC (Gain 0.5) 0.078 | 0.020 | 0.022
5.d &

959 WAy $5AA SFosE Ao

2 29 F e 73 A7IE AGAH. 7
&9 §Fex B JFol AL oFEETL
W3 ool F FS FFAE A A

A Rape wheol, Alde g#ea Wy =
e 239 Jus A FrAAUeE %
s &ZoRE Add webd, 393
Ze 87 2at F9AE 2% APEe 8
ﬂgﬂ—%$l%4%%ﬂﬂﬂtm 2%
e A EFed wdol HEHUY WE
of B £Fl e HAEATIlAE ole gl
Het SAW, AGE 220} BLE OEF Y]
A% £5¢ AN dENes fEAQ) o
Fol 2 H2 ohzt 3 & o)49 tE £3=
Bz 44 5 ok

Agedold ARE Y, 7ZANe] s
FRIAZ AAAE Aol 7129 By vt A
ﬂiﬂwtiﬁﬂ-ﬂQEﬂ- Stk o 34 &

3 Hdigts B 7|1&] @ uldte] AL

Wye) gFe At 15 2 EQ0h T3, Albe
5"-”_?]]' 2o W 7|uke] 7318 BA A

T} g2 3 Bezier, B-spline @ NURBS
A w77 e s HL_E 4 glov, Bezier
Mol g Al E# el @-‘—]"’ﬂ’q Bo] wj7id
FA BVE o4 AS &FeA A=
LAE 498 Y & Al‘:]’ L M B -
3 % YA £33 Y AHAHE AA A2
ol &&FeA A7t aRHez &% A
EE FAANAT 3 Fo vjAE 5o Y 24F
Ao Mgt Zo] &L Aojrle uF vAAE
5o vE FEE F U2 &7 BFE Fl
o $- 7ot}

HZ uAETE o8 54 3 Y F49
7VEo] Bel 8FHE ©E £ =84 AGE
£33 A& o8Pz Hr} FHE &

m%$M$m@¢

JE



ARE- AR YT F%

&

o

: HFATRIA A2 P A4s

10.

Poo, A., Bollinger, J. G. and Younkin, W. “Dynamic
error in type contouring system,” IEEE Trans. Ind.
Applicat. Vol. IA-8, pp. 477-484, 1972.

Koren, Y., “Cross-coupled biaxial computer for
manufacturing systems,” ASME Trans. J. Dyn. Syst.,
Meas. Contr., Vol. 102, No. 4, pp. 265-272, 1980.
Kulkarni, P. K. and Srinivasan, K., “Optimal
Contouring Control of Multi-Axial Drive servo -
mechanisms,” ASME Journal of Engineering for
Industry, Vol. 111, pp. 140-148, 1989.

Kulkarni, P. K. and Srinivasan, K., “Cross Coupled
Control of Biaxial Feed Drive servomechanisms,”
ASME Journal of Dynamic systems, Measurement
and Control, Vol. 112, No. 2, pp. 225-232, 1990.
Chuang, H. Y. and Lui, C. H., “Techniques in Cross-
coupled digital adaptive feedrate control for multi-
axis machine tools,” ASME Transactions on Journal
of Dynamic systems, Measurement and Control, Vol.
113, pp. 451-457, 1991.

Koren, Y. and Lo, C. C., “Variable-Gain Cross-
Coupling controllers for Contouring,”
CIRP, Vol. 40, No. 1, pp. 371-374, 1991.
Yeh, S. S. and Hsu, P. L., “Estimation of the
Contouring Error Vector for the Cross-Coupled

Annals of

Control  Design,” ASME  Transactions on
Mechatronics, Vol. 7, No. 1, pp. 44-51, 2002.

Koren, Y. and Lo, C. C., “Advanced Controllers for
Feed Drivers,” Annals of CIRP, Vol. 41, No. 2, pp.
689-698, 1992.

Shpitalni, M., Koren, Y. and Lo, C. C., “Real-time
Curve Interpolators,” Computer —Aided Design, Vol.
26, No. 11, pp. 832-838, 1994.

Lee, Yongseok and Jee, Sungchul, “Adaptive Cross-
Coupling Control for High-Speed Nonlinear Contour
Machining,” KSPE, Vol. 17, No. 11, pp. 108-114,
2000.

7



